Abstract-WIA-PA network, which is specified by IEC/PAS 62601 for process automation based on IEEE 802.15.4, is used for industrial monitoring, measurement and control. A novel WIA-PA gateway technology is developed to support EtherNet/IP protocol. By a prototype of wireless gateway, a wastewater treatment system is implemented with a WIA-PA network monitoring subsystem and an EtherNet/IP network control subsystem. The WIA-PA network consists of wireless gateways and wireless instruments. Wireless instruments as sensor nodes sample the signal from the process of water treatment, and transmit data packets to the gateway using the WIA-PA wireless mesh network. The EtherNet/IP network consists of PLCs and actuators. According to data packets from the gateway, PLC as the center control unit transmits control packets to specific actuators. The gateway is designed based on AT91RM9200. In sensor node design, MSP430F1611 is adopted as processor. Wireless chip CC2420 is adopted in communication unit. The final ideal experiment has physically testified the feasibility and the stability of the gateway for protocol conversion.
INTRODUCTION
Providing sufficient and reliable water supply for people and industry has been a limelight in the 21th century. In the water treatment field, huge potentials and opportunities exist. More specific, improving the efficiency of industrial and domestic waster water treatment, updating the pipeline network of urban water supply and sewerage, reusing wastewater, and deep cleaning drinking candidate various future tendencies of water treatment field [1] [2] . More advanced, robust and reliable automation platform is required to sustain the developing speed of water treatment technology. Meanwhile, more demands and higher standards are posed in the novel technology of process optimization and energy conservation.
Existing networks for wastewater treatment can be classified into wire systems and wireless systems in terms of communication mediums [3] [4] [5] . The main advantage of wireless system is less consumption of cables installation and maintenance, and more facility to monitor blind spots. The wireless system has shown a promising foreground in water treatment plant. However, directly replacing a wire system with a wireless system, will inevitably cost huge investment, and will delay the regular production process. Meanwhile, given consideration for the compatibility with existing fieldbus and industrial Ethernet systems, the gateway technology offers a gradual updating possibility for existing systems. In this paper, EtherNet/IP network and WIA-PA network can go abreast by a wireless gateway, coinciding with each other. The Integration of two series of networks provides a comprehensive digital network system for the process of water treatment. Main contributions of this paper are addressed below:
1. From the point of scientific and engineering challenges, the first gateway between WIA-PA and EtherNet/IP protocols has been developed.
2.
A fairly complete work on engineering of water treatment system has been reported. 3 . A completed case study of using the gateway for the process of water treatment has been presented to be a novel transition methodology from a wire system to a wireless system. The rest of this paper is organized as follows: Section 2 introduces the craft of wastewater treatment process. Section 3 describes the principle and process of gateway development. Section 4 renders application instances in wastewater treatment process. We conclude this work in Section 5.
II. WASTEWATER TREATMENT PROCESS
Wastewater treatment process removes wastewater pollutants from water, and transfers harmful substances to harmless substances. The craft process purifies water, and makes full use of useful resources. A typical municipal wastewater treatment process demonstrated in Fig. 2 As shown in Fig. 3 , wastewater influent from sewer system (1) travels through a sewer pipeline to the lift station (2) . The lift station (2) uses the pump (3) to raise the water level of the influent from sewer system (1). The pump (3) lifts primary-treated water level to required height, which makes sure that flow surges better without overflow. The screw pump (3) maintains the water level across the bar screen (4) and the grit removal (5).
The bar screen (4) removes debris, and the grit removal (5) removes bulk material like sands, rocks, and grits from primary-treated water in an effort to keep normal operations of follow-up pumps, pipelines, and other correlated equipment. After the secondary lift by the lift station (6), primary-treated water flows slowly through the primary clarifier, allowing suspended solids to settle to the bottom, where the solids are collected for disposal. The Primary Clarifier (7) gets rid of approximate 50% suspended solids and 25% BOD5 by precipitation method.
B. Secondary Wastewater Treatment
As shown in Fig. 4 , the aeration tank (2) provides oxygen and sustains the metabolism of microorganisms in the primary effluent (1) . The foregoing process is termed as activated sludge process, which was discovered in 1913 in the UK by two engineers: Edward Ardern and W.T. Lockett, conducting research for the Manchester Corporation Rivers Department at Davyhulme Sewage Works. The aerator (5) introduces compressed air through sparge pipes at the bottom of the aeration tank (2), while the oxygen sensor (4) monitors the concentration of dissolved oxygen of the compressed air. Wastewater, return activated sludge (RAS), and oxygen are mixed by the mixer (3) in the aeration tank (2) to accelerate the metabolism of microorganisms to consume organic matter and remove nutrients.
Once sufficient organic matter is reduced, the secondary clarifier (6) separates the solids from secondary-treated water. Purified secondary-treated effluent passes out through the pipeline to the tertiary system (7). Part of the settled activated sludge, which is returned to the aeration tank (2) to re-seed the new wastewater entering the tank, is called return activated sludge (RAS). Excess sludge is called waste activated sludge (WAS). The RAS pump (11) is regulated based on incoming flow or sludge blanket level measurements. This helps control Food and Mass ratio in the aeration tank (2) . The WAS pump (10) is regulated to avoid "rat-holing effects" and to maintain a constant sludge level in the secondary clarifier (2). (1) is lift by the lift station (2), and is further treated in the filtration system (3) to remove the smallest solid particles. Following filtration, two flowing options depend on the water quality.
C. Tertiary Wastewater Treatment
If tertiary-treated water from the filtration system can reach the dischargeable standard, tertiary-treated water passes by gravity through pipelines to the chlorine contact chamber (4). The chlorine contact chamber (4) provides the appropriate detention time for chlorine disinfection to occur. Bacteria in water is killed by the chlorine disinfection process, purified tertiary-treated effluent is discharged to river (5).
If tertiary-treated water from the filtration system (3) cannot reach the dischargeable standard, tertiary-treated water is pumped for reuse at the backwash transfer pump (8) back to the Primary System (9).
D. Wastewater Treatment Control Network
Several instruments and actuators are used in the process of wastewater treatment, including:
Instruments: liquidometer, flowmeter, nephelometer, thermometer, pressure meter, PH meter, conductivity meter, dissolved oxygen meter, residual chlorine meter, sludge density meter, sludge lever meter, ammonia meter, particulate counter, TOC Analyze.
Actuators: limit switch, motor starter, frequency converter, submersible pump, and valve.
Instruments and actuators are integrated and connected in three level control mode ， including situ, on-site workshop PC control, and control room PC control. 
III. GATEWAY DEVELOPMENT
A wireless gateway has two roles respectively in a wire network and in a wireless network. A wireless gateway as a client terminal coincides with other terminals (e.g. PLCs) in a wire network, while as a sink collects data from sensor nodes in a wireless network. Besides, a wireless gateway is a converter interconnecting wire and wireless networks. This section introduces the conversion principle between Ethernet/IP and WIA-PA.
A. Conversion of Application Data
EtherNet/IP network, which is specified by IEC 61158 and IEC 61784 for industrial network standard, implements "Common Industrial Protocol" (CIP) in the application layer over TCP/IP and Ethernet [6] . As shown in Fig. 7 , application data in CIP is presented in the object model. By creating various device profiles, Application object library facilitates the data exchange of different devices and manufacturers.
A wireless gateway, which is a client terminal in an Ether/IP network, aggregates the application data from nodes of a WSN to a CIP application packet. Then the packet is send to the destination terminal (e.g. to a PLC). On the other hand, a wireless gateway, which is also a sink in a WSN, disaggregates a CIP application packet to several application packets for different WSN nodes, and sends packets to their destinations. 
B. Address Analysis for Wireless Nodes
The problem of address analysis should be firstly solved in the protocol conversion. Hence, allocating static memory to nodes is put forward. Application data from each node in a WSN is stored in a pre-allocated memory buffer. As shown in Fig. 8 , each node is mapping to a connection instance, which corresponds to a segment of the memory buffer. The mapping from nodes to memory buffers, solves the problem of address analysis, and facilitates the aggregation and disaggregation for application data. Due to limit memory space, the capacity restraint of the number of WSN nodes also attributes to the memory size. 
C. Protocol Conversion
Based on above schemes in section 3.1 and 3.2, the protocol conversion of two networks can be addressed by the process below. As shown in Fig.10 , differences between WIA-PA and Ethernet/IP are characterized by the different network structures of series of sub-layers in each protocol stack [6] When a WIA-PA packet is received by the wireless gateway, the wireless gateway firstly carries out the WIA-PA packet analysis: depriving the control information from the application data, and allocating the application data to the memory buffer according to the result of node address analysis. Then the wireless gateway aggregates several application data to CIA application data in the memory buffer, and adds a CIP header before the CIA application data so as to complete the process of CIP encapsulation. Moreover, TCP/IP headers, respectively in TCP layer, IP layer, LLC layer, MAC layer, and PHY Layer, are added so as to complete the process of TCP/IP encapsulation. The ultimate packet is send to the Ethernet/IP network. The inverse steps including TCP/IP packet analysis, CIP analysis, data disaggregation, WIP-PA Encapsulation, can go abreast to implement the conversion from the Ethernet/IP protocol to the WIA-PA protocol. The details about the protocol conversion is demonstrated in Fig. 11 . 
A. Instrument Monitoring
A scheme of water treatment system is designed in Fig. 12 . As showed in Fig. 12 , the simplified system consists of four sensor nodes of instruments (6, 12, 13, 14) , one gateway (4), one monitor (1), one wireless sensor network (7), four controlled nodes of actuators (5, 9, 10, 11), 2 tanks (8, 15), and one mixer (16). The gateway collects the data packets from the 4 sensor nodes using the WIA-PA network, while the PLC (3) sends the control packets to 4 controlled nodes. In practical fields of water treatment plants there are many wireless sensor nodes scattered in monitoring field to collect information about temperature (14), flux (12), liquid level (6), turbidity(13), and other signal. Meanwhile, the data packets transmit along the path hop by hop in the WIA-PA network. There are some controlled nodes which adhere to valves (10, 11), the motor (9), the alarm (5), and other actuators. Meanwhile, the monitor (1) based on configuration software supervises any abnormal fault, and manage the whole field. As showed in Fig. 13 , a simplified prototype system has been developed and deployed. As showed in Fig. 15 , WSNs has the advantage of ultra-low power consumption. Sensor Nodes always remain 99% sleep current versus 1% active current. If a sensor node communicates once every 10 second, the average current is approximately 300 μA.
V. CONCLUSION
This paper introduces a novel wireless gateway Tech. which can implement protocol conversion between Ethernet/IP and WIA-PA. Correlated details are discussed on the development process and implementation principle. The wireless gateway has the property of low-power consumption, could been used in the wastewater treatment system.
WSNs have been caused concerns in both academic and industrial filed. Whether WSNs can make profits and how much benefit could be brought back by WSNs are both key problems in the face of public businesses and industrial application. Wireless gateway, which proposes a compatible technology, could reduce the initial investment.
Given consideration of more than 10,000,000 wire-sensor nodes which had been deployed and installed with CIP Tech., wireless gateway between WIA-PA and Ethernet/IP is confronted with huge market, and is predicted to make a significant role in industrial field except for wastewater treatment industry. Whereas, improving network security and reliability is the future work to promote the development of wireless gateway technology.
